ABSTRACT. Variability in surface and deep ocean circulation in the North Atlantic is inferred from grain-size characteristics and the composition of terrigenous sediments from a deep-sea core taken on Reykjanes Ridge, south of Iceland. End-member modeling of grain size data shows that deep-ocean circulation in this area decreased significantly during periods of maximum iceberg discharge. The episodes of reduced circulation correlate with the cold and abrupt warming phases of the DansgaardOeschger cycles as recognized in the Greenland ice cores.
INTRODUCTION
Monitoring of past ocean circulation and associated heat and nutrient transport is a key objective for understanding of causes and mechanisms of climate change. For the recognition and accurate timing of the climatic signals, sedimentary records from high deposition rate areas are needed. Deep-sea cores obtained during the 1997 Denmark Strait Expedition (Troelstra et al. 1997 ) fit this purpose and have the potential to establish a direct link with Late Quaternary atmospheric climate change as recorded in the Greenland ice cores (e.g. Johnsen et al. 1992; Grootes et al. 1993 ). This paper focuses on the chronology and the sedimentology of a core taken on Reykjanes Ridge, south of Iceland.
The grain-size of the silt fraction of current-sorted sediments is commonly used to reconstruct variations in the vigor of deep-ocean circulation (e.g. McCave et al. 1995a McCave et al. , 1995b Bianchi and McCave 1999) . The sand content of North Atlantic sediments is widely applied as a proxy for the input of ice-rafted detritus which is related to surface-water conditions (e.g. Bond and Lotti 1995; Bond et al. 1997) . Ambiguous paleoclimate inferences may be drawn from the texture of these sediments if both deep-ocean currents and icebergs supplied the sediments. End-member modeling of grain-size distributions of such sediments in core DS97-2P allows the objective unravelling of the signals of varying bottom-current speed and varying input of ice-rafted detritus (Prins et al. 2001) .
MATERIAL AND METHODS
Core DS97-2P was collected during the Dutch Denmark Strait expedition in 1997 with the R/V "Professor Logachev" (Troelstra et al. 1997 ). The core (10.4 m length) was obtained from Reykjanes Ridge (58°56.327′N, 30°24.590′W) from a water depth of 1685 m (Figure 1) . A digital image of the core and a magnetic susceptibility (1-cm resolution) record were obtained with a GEOTEK multisensor core logger. Chemical composition (Ca, Ti, K intensities) was measured with the CORTEX X-ray fluorescence core scanner at a 1-cm resolution (Jansen et al. 1998) . Ca intensity was calibrated to measured carbonate content (CaCO 3 (wt%) = 0.9 × Ca (c/s%) -4.2; r 2 = 0.95).
A Fritsch A22 Laser Particle Sizer was used to analyze the grain-size distribution (0.15-1189 µm) at a 5-cm interval for the complete core and at a 1 cm resolution for two specific intervals. Organic carbon, carbonate, and biogenic opal were removed prior to the grain-size analysis by treatment with excess H 2 O 2 , HCl and NaOH, respectively. Details on the particle sizer used are given in Konert and Vandenberghe (1997) . A Finnigan MAT 251 mass spectrometer combined with an automatic Finni-gan MAT carbonate preparation line was used to analyze the stable oxygen/carbon isotope composition of the planktonic foraminiferal species Globigerina bulloides and Neogloboquadrina pachyderma (sinistral) at a 10-cm interval.
The chronology is based on 20 accelerator mass spectrometry (AMS) radiocarbon dates of planktonic foraminiferal samples that were taken from the upper 7 meters in core DS97-2P (Table 1 ). The AMS 14 C dates were obtained from 14 C analysis with the Utrecht AMS facility (Van der Borg et al. 1997) . Carbon dioxide extracted with 4% HCl from the foraminifera samples was used for the analysis. Calendar age ranges (1-sigma probability), assuming a 400-yr marine reservoir age, were obtained by using the computer program Calib 4.2 (Stuiver and Reimer 1993) . AMS 14 C dates older than 21,000 14 C years were calibrated using a regression equation, which describes the relationship between 14 C and Th/U ages (E Bard, 4th International Congress on Paleoceanography, Kiel, 1992) . The AMS 14 C results are listed in Table 1 .
RESULTS
The age model of core DS97-2P is based on a combination of AMS 14 C dates and δ 18 O stratigraphy. The AMS 14 C dates display several age reversals, the largest reversions occurring in the lower part of the record. Some of these dates have therefore been omitted for the construction of the (preliminary) age model ( Figure 2A , Table 1 ). The high sedimentation rates (average 40 cm/ka; varying between 4-89 cm/ka) allow reconstruction of climate variability on multi-decadal to millennial time scales (Figure 2B ). The age model of the record below 7 mbsf was constructed by extrapolation of the LSR (see Figure 5 ). The AMS 14 C dates and the G. bulloides and N. pachyderma (sin) δ 18 O records ( Figure 3A ) permit distinction between the Holocene (~0-4.2 mbsf) and the Glacial record (below ~4.2 mbsf).
The carbonate and magnetic susceptibility records ( Figure 3B , C) of core DS97-2P clearly show the division between the Holocene and the Late Glacial sequences. On top of the glacial/interglacial trend in sediment composition, both data sets show high-amplitude and high frequency variations in composition in the glacial interval (>4.2 mbsf). The positive correlation between magnetic susceptibility and carbonate content in this part of the record indicates that variation in magnetic susceptibility reflects variations in composition rather than content of the terrigenous fraction. The positive correlation between the Ti/K ratio (indicative of variations in sediment source or grain-size characteristics; Figure 3D ) and the magnetic susceptibility records supports this idea.
Very distinct sand-rich layers of ice-rafted sediment characterized by low Ti/K values are present in the glacial section. In contrast, the Holocene record is characterized by low sand content ( Figure  3E ). High frequency variations in the silt grain-size are recorded throughout the core. A positive correlation between high sand content and coarse silt grain sizes is observed in the glacial part (not shown). Interpretation of the silt record in terms of varying bottom-current speed alone is too simple, as indicated by the end-member modeling results of the grain-size distributions presented by Prins et al. (2001) , which are summarized below.
End-Member Modeling of Grain-Size Distributions
End-member modeling algorithms are aimed at the construction of physical mixing models, which express the input data as mixtures of a limited number of end members with realistic compositions (Weltje 1997) . The method allows the distinction and quantification of subpopulations within grainsize distribution data and as such it has been used to discriminate aeolian from fluvial and turbiditic sediments in various deep-marine settings (Prins and Weltje 1999; Prins and Postma 2000; Prins et al. 2000a Prins et al. , 2000b . The end-member modeling algorithm was applied to the data set of grain-size distributions (n = 441) of core DS97-2P (Prins et al. 2001) . Their modeling results indicate that the sediments are adequately described as mixtures of four end members ( Figure 4A ). The sand-rich end members EM1 and EM2 resemble combinations of grain size modes that are characteristic of glacial-till deposits ( Figure 4B ). The most likely way of introduction of sand-sized material in Reykjanes Ridge sediments is by icebergs calved from Greenland and Iceland glaciers (Lackschewitz and WallrabeAdams 1997; Moros et al. 1997; Lackshewitz et al. 1998; Van Kreveld et al. 2000) . End members EM1 and EM2 are hence interpreted as ice-rafted detritus (IRD). The well-sorted clayey to fine silty end members EM3 and EM4 are thought to reflect subpopulations of fines supplied and sorted by low-energy deep-ocean flow, i.e. the flow of the Iceland-Scotland Overflow Water (ISOW).
DISCUSSION
The modeling results indicate that the variations in grain-size distribution reflect both selective transport and deposition of materials from a single source (current-sorted silt), and physical mixing of materials from two different sources (IRD plus current-sorted silt). The relative contribution of the two IRD end members (EM1+EM2) is a proxy for iceberg discharge. The ratio between the relative contributions of the two current-sorted mud end members (EM3/EM4) is a proxy for bottomcurrent flow intensity.
The carbonate content in DS97-2P shows a strong correlation with the δ 18 O record of the GISP2 icecore from Greenland indicating a coupling between atmospheric temperature and oceanic circulation patterns ( Figures 5A, B) . The end member modeling results suggest that deep-ocean circulation on the Reykjanes Ridge (i.e. formation of ISOW) decreased significantly during periods of maximum F) . The episodes of reduced circulation correlate with the cold and abrupt warming phases of the Dansgaard-Oeschger cycles as recognized in the Greenland ice cores. The observed reduction of deep-water flow coinciding with enhanced iceberg discharges is in agreement with the general consensus that the thermocline ocean conveyor is unstable and sensitive to the fresh water/salt balance of the North Atlantic region (Broecker et al. 1992 ).
CONCLUSIONS
The grain-size distributions of Late Glacial-Holocene terrigenous sediments from Reykjanes Ridge are adequately described as mixtures of two poorly sorted ice-rafted detritus end members and two current-sorted silt end members. Ratios of the relative contributions of the end members provide proxies for bottom-current flow intensity and iceberg discharge. The end-member modeling results show that deep-ocean circulation at Reykjanes Ridge decreased significantly during periods of maximum iceberg discharge. The episodes of reduced circulation correlate with the cold and abrupt warming phases of the Dansgaard-Oeschger cycle as recognized in the Greenland ice cores. 
